Electrostatic Suppression of the Leidenfrost State on Liquid Substrates.
An applied electric field can fundamentally eliminate the Leidenfrost effect (formation of a vapor layer at the solid-liquid interface at high temperatures). This study analyzes electrostatic suppression of the Leidenfrost state on liquid substrates. Electrostatic suppression on silicone oil and Wood's metal (liquid alloy) is studied via experimentation, high-speed imaging, and analyses. It is seen that the nature of electrostatic suppression can be drastically different from that on a solid substrate. First, the Leidenfrost droplet completely penetrates into the silicone oil substrate and converts to a thin film under an electric field. This is due to the existence of an electric field inside the substrate and the deformability of the silicone oil interface. A completely different type of suppression is observed for Wood's metal and solid substrates, which have low deformability and lack an electric field in the substrate. Second, the minimum voltage to trigger suppression is significantly lower on silicone oil when compared to Wood's metal and solid substrates. Fundamental differences between these transitions are analyzed, and a multiphysics analytical model is developed to predict the vapor layer thickness on deformable liquids. Overall, this study lays the foundation for further studies on electrostatic manipulation of the Leidenfrost state on liquids.